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THE RELIABILITY OF MSAL AM) "ORAL" SOTJKD PRESSDRE LEVELS
CHAPTER I 
INTRODUCTION
It is generally agreed both by speech scientists and speech cli­
nicians that nasality results from excessive resonance of the laryngeal 
sound in the nasal cavities. Such excessive nasal resonance is further 
believed to be directly related to inadequate velopharyngeal closure, 
which may reflect, in the individual case, improper use of a normal 
velum or structural inadequacies such as those characterizing the cleft 
palate condition*
Reliable evaluation of nasality by the speech pathologist is 
prerequisite to meaningful diagnosis, prognosis, and therapy. Although 
attempts have been made to objectify nasality through the measurement of 
nasal air pressure and volume, velopharyngeal aperture, and spectral 
characteristics, the presence and degree of severity of nasality, as 
with all vocal quality deficiencies, remains fundamentally a matter of 
personal perception. The subjective judgment of nasality, however, pre­
sents obvious limitations in both clinical and research situations. A 
means for evaluating nasality in a valid, reliable, and objective manner 
would provide the information on which impartial diagnostic and thera­
peutic decisions could be made by those concerned with the rehabilitation
2of the individual patient. Such information would he of value not only 
in the diagnosis of nasality and in the evaluation of the progress of 
therapy, hut also in the choice of surgical and/or prosthetic procedures 
for the cleft palate patient.
A recent attempt at the ohjectiflcatlon of nasality has in­
volved the utilization of the prohe-tuhe microphone assembly to measure 
nasal sound pressure levels in speech. These measurements are usually 
compared with measures of the simultaneously produced ’’oral” (i.e., 
total) speech signal, and the nasal-”oral” sound pressure level differ­
ences thus obtained have been found to correlate highly with subjective 
judgments of nasality. No information, however, is available relative to 
the reliability of such measures. The legitimate use of any evaluation 
procedure, and, in fact, its validity, is based upon the reliability of 
that procedure. The increasing use of the probe-tube microphone in re­
search investigations of nasality underscores the need for the determina­
tion of the reliability of measurements made with this instrumental 
assembly. It was the purpose of this study to obtain objective data 
toward this end.
CHâPTEa II 
EEYIBW OF THE LITEEIATDEE
While the presence and severity of nasality is dependent ulti­
mately upon the judgment of the listener, increasing clinical and research 
attention has been turned to the objective measurement of various acoustic 
and physiologic correlates of this vocal quality deficiency. Earlier 
efforts in this respect yielded but relatively crude measures of nasal 
air flow or pressure or, at best, signalled the presence or absence of 
sound in the nasal cavities. More recently, however, advances in elec­
tronic instrumentation have allowed increasingly accurate and sensitive 
measurement of nasal resonance, such as that provided by the probe-tube 
microphone assembly* Measurements of the speech of nasal subjects made 
with the probe-tube microphone have been shown to correlate highly with 
subjective measurements of those speech signals. Information regarding 
the reliability of measurements obtained by means of the probe-tube micro­
phone assembly, however, is unavailable in the literature.
As a background to the present study, the literature will be re­
viewed under three major headings: (a) The Nature of Nasality, (b) The
Measurement of Nasality, and (c) The Reliability of Measurement.
The Nature of Nasality
Although terminology varies considerably and descriptions of
4voice quality are often ambiguous, nasality is relatively distinct in 
nature «Jid is generally considered to be "the quality of speech sounds 
when the nm.HA.1 cavity is used as a resonator" (6$). Variously termed 
"nasality", "hypemasality", or "rhinolalia", this vocal quality defi­
ciency was defined by the forty-four speech authorities surveyed by 
Beighley (2) as . . the unpleasant voice quality resulting from too 
much resonance in nasal cavities that have nothing physically wrong with 
them". The majority of writers concur that nasality is a matter of ex­
cessive nasal resonance. Moore (4I, p. 657)» for exançle, writes: 
"Acoustically, the nasal voice is conç)osed of the customary sounds of 
speech with a simultaneous overlay of nasal sound. That is, the vowels 
are recognizable, yet they are distorted by the additional nasal element. " 
Similarly, West, Kennedy, and Carr (61, p. 392) define nasality as ". . . 
an excess of nasal resonance during the production of oral sounds".
Several types of nasality have also been defined. Cotton (ll) 
recognizes "relaxed velum nasality", characterized by relatively little 
muscular contraction, and "whang nasality", the physiologic aspect of 
which is excessive muscular contraction, particularly of the pharyngeal 
and other supraglottal muscles. Moore (4I» p. 657) similarly describes 
nasal voices that are "openly resonant" and others that are "twangy", and 
Johnson and others (51» p. 335) differentiate cleft palate nasality from 
". . . the penetrating ’twang’ of the hillbilly singer"*
Recognition of nasality as a resonance phenomenon has prompted in­
vestigators to attempt to determine the characteristic harmonic structure 
of this voice quality deficiency. In this respect, Eantner (32), describ­
ing the nasality of cleft palate speech, writes:
. . . the presence or absence of nasality can be considered as 
the result of changea in the over-tone structure of the voice.
It mi^t conceivably be caused either by the addition of certain 
overtones or partials to the so-called normal, non-nasal voice, 
or by the absence of certain partials, or by a change in the re­
lationship of the partials.
While specific spectral patterns by which nasality might be quantified, 
or even identified consistently, have not yet been established, Dickson 
(17), lists four characteristics which he found to occur with some regu­
larity in reports of the evaluation of the speech productions of nasal 
speakers: (a) an increase in formant band width, (b) an increase in the
intensity of harmonics, (c) an increase or decrease in formant frequency, 
and (d) a rise in the fundamental frequency. In his own spectrographic 
investigation of nasality, Dickson found differences in the intensities 
of vowel harmonics to be of one or more of the following types: decrease
in high frequency energy, interformant fill, interformant resonance peaks, 
and reduced intensity of the third harmonic. This type of lack of defin­
itive information has led Bloomer anr) Peterson (7) to comment:
Althou^ we may presume that there is a direct relationship be­
tween the auditory signal, the physiological conditions of the 
utterance, and the acoustic structure of the sound, the relation­
ship is not always clear, and varies sufficiently from individual 
to individual so that conclusions should be made with caution.
Although elevated tongue positions, narrow mouth openings, and 
other aspects of speech production physiology have been suggested to be 
of significance to the degree of severity of nasality, there is essen­
tially universal agreement in the literature that nasality, as excessive 
nasal resonance, implies a malfunctioning velum. Cotton (ll), for ex- 
ançle, in an early study of resonance phenomena, states that "nasality of 
any kind presupposes that the velum is not closing the passageway to the 
nose", and Subtelny, Koepp-Baker, and Subtelny (55)» iu a more recent
6study of cleft palate nasality, maintain that "research has shown that 
hypemasality results from inadequate velopharyngeal valving which per­
mits excessive coupling of the nasal cavity with the rest of the vocal 
tract and consequently the transmission of air and sound energy through 
the nasal cavity".
The exact relationships between perceived nasality and velo­
pharyngeal opening, however, are not well understood. In this respect, 
Eantner (32) observes:
The amount of nasality in the voice does not seem to be directly 
related to the amount of air escaping through the nose or to the 
degree of opening of the soft palate during phonation. . . It 
does appear that if the soft palate is left open far enough, a 
nasal quality is almost inevitable . . . However, there is no 
reason to believe that the amount of nasality in the voice in­
creases and decreases in direct proportion to the size of the 
the opening into the nasopharynx.
McDonald and Eoepp-Baker (57) also theorize a critical point in velo­
pharyngeal valving, at which a balance or ratio is established between 
oral and nasal resonance and beyond which nasality is perceived. This 
hypothesis is supported by the results of a study of the relationship 
between the velopharyngeal dimensions and speech proficiency of cleft 
palate speakers reported by Subtelny, Eoepp-Baker, and Subtelny (55)» 
while no one group of phonemes was found to resist loss of intelligi­
bility, a greater degree of velopharyngeal closure was necessary for in­
telligibility in fricatives than in other phonetic groups. This same 
condition, i.e., more efficient velopharyngeal valving, was found to be 
required for non-nasal speech compared to intelligible speech production. 
Those cleft palate speakers who were judged to be non-nasal were found 
to have generally good velopharyngeal function, while cleft palate 
speakers who were judged to be nasal were found to present increased
7velTim-to-phairyngeal-wall dimensions as speech became progressively more 
nasal.
These relationships between quality and physiology are further 
obscured by the fact that, contrary to traditional phonetic theory, some 
degree of velopharyngeal opening is characteristic of many vowel sounds 
in non-nasal speech. Russell (45)» Nusbaum, Poley, and Wells (45)» and 
more recently, Wolfe (64), Williams (62), Senty (46), and Hagerty and 
others (20) have used a variety of measurement devices to demonstrate 
that speakers with normal resonance quality exhibit greater velopharyn­
geal closure on high vowels than low vowels. These findings are con­
firmed by Moll (40) » who also found that varying consonant environments, 
except forCn], have little effect on the degree of closure across vowels.
Lintz and Sherman (56) found that the degree of perceived nasal 
resonance increases progressively from the high to the low vowels for both 
functionally nasal and normal speakers and that velopharyngeal closure in 
normal speakers is characteristically complete for the high vowels but not 
for the low vowels. In addition, variation in perceived nasality ims 
noted in relation to tongue position, with increased nasality from high 
to mid to low tongue placement. Although the relationship was not so 
marked as with tongue height, severity of nasality was also reported to 
be related to the front-back classification of vowels, with the front 
vowels always perceived as more nasal than the back vowels. Van Eattum 
(58) also reports the degree of nasality perceived among the vowels pro­
duced by cleft palate speakers to be greater for the front vowels than for 
the back vowels. House «ufl Stevens (26), deriving data from outputs of 
electrical analogs of the oral and nasal cavities, report the same differ­
ence in the front-back classification. They also found that a small
8degree of nasal-oral coupling results in marked changes in the spectra 
of the high vowels, changes which they speculate serve as cues for the 
identification of nasality. Spriestersbach and Powers (52), studying 
nasality on isolated vowels for cleft palate speakers, found that nasal­
ity increased from low to high, with the vowel Col the least nasal, C il 
and [ujj most nasal. In commenting upon the apparent conflict between 
these results and their own, Lintz and Sherman (36) point out:
The reversal in order of severity of nasality for vowels produced 
by the speakers in the present study appears related to the 
amount of velopharyngeal closure. Where adequate closure is a 
problem, as is likely with cleft palate speakers, it would be ex­
pected that the high vowels, which require the most complete 
closure for non-nasal production would be perceived as more 
severely nasal than the low vowels, which typically require less 
complete closure.
In summary, nasality, a relatively distinct voice quality defic­
iency, is generally considered to be a matter of excessive nasal reso­
nance resulting from a malfunctioning velum. Several types of nasality 
have been .enumerated, which may explain, in part, why no specific pattern 
of spectral characteristics has been consistently identified as repre­
sentative of nasal voice quality. Evaluation of this resonance im­
balance has been complicated by the fact that some degree of velopharyn­
geal opening is characteristic of vowel production in non-nasal speech. 
Since closure is usually complete for the high vowels and not so for the 
low vowels, judgments of perceived nasality have varied in relation to 
tongue placement for normal speakers. The relationship has been found 
to be reversed for cleft palate speakers.
The Measurement of Nasality 
In both clinical and research activities, the presence and de­
gree of severity of nasality is routinely established on a subjective
9
basis; that is, speech is "nasal” to the extent that the listener judges 
it to be so according to his personal perceptual criteria. It is appar­
ent that such judgments are influenced by the training, experience, and 
native perceptual abilities of individual judges. Furthermore, research 
evidence indicates that listener judgments of nasality may be influenced 
by speech factors other than nasal resonance, e.g., misarticulations in 
the speech of cleft palate subjects (58). While studies by Sherman (48) 
and Spriestersbach (51) have suggested that judgments of the severity of 
nasality are more valid, i.e., that such "halo effects" are eliminated, 
for tape recorded speech samples played backward than for those played 
forward, the definition of the severity of cleft palate nasality still 
remains largely the result of perceptual judgment which may vary consid­
erably from listener to listener. The need for greater objectivity in 
the evaluation of nasality has long been recognized and numerous devices 
and procedures have been utilized toward this end.
Most early attempts of this nature were undertaken on the pre- 
suB^tion that the demonstration of nasal air escape during speech was 
indicative of velopharyngeal inconç)etency and, therefore, nasality.
Among the devices used were balloons, pith balls, feathers, cold mirrors, 
and stethoscopes (38, 42, 59» P« 383)» Instruments later employed to 
quantify nasal air flow or pressure included the pneumograph, the mano­
meter, wet and dry spirometers, and the strain gauge (9^  10, 24, 33). 
With advances in electronic technology and the focus of experimental 
attention upon nasality as an acoustic rather than a pneumatic phe­
nomenon, instruments such as the contact microphone (27), the harmonic 
analyzer (34) » and the oscillograph (14) were employed, with varying 
degrees of sensitivity and accuracy. One of the more frequently used
10
instruments in recent studies of the acoustic nature of nasality has 
been the sound spectrograph (21, 22, 50)» a wave analyzer designed to 
produce a permanent visual record of the distribution of energy in an 
audio signal as a function of frequency, intensity, and time. Although 
nasal voices present certain gross ^ectrographic characteristics, no 
consistent and specific spectral patterns have been identified.
The probe-tube microphone, an adaptation of a standard condenser 
microphone in which a length of small-bore tubing is acoustically coupled 
to the microphone's diaphragm, has also been utilized in contemporary in­
vestigations of nasality. Originally designed for explorations of the 
sound pressure field around the head and the sound pressure along the 
auditory canal (4, p.75l), the probe-tube microphone was first en^loyed 
in the evaluation of nasality in 1954* Studying a sançle composed pre­
dominantly of functionally nasal speakers (three of the seventeen sub­
jects were cleft palate), Weiss (60) investigated the relationship of 
"oral" (total) and nasal sound pressure levels to judged severity of 
nasality. Separate but simultaneous recordings of the "oral" and nasal 
speech signals were made while each subject read a paragraph of connected 
speech at an intensity level of JO dB as monitored on a sound level 
meter. The "oral" recordings were made with a condenser microphone 
placed eight inches in front of the subject's lips. The nasal recordings 
were obtained by means of a probe-tube microphone inserted approximately 
one-quarter inch into one of the subject's nostrils.
Visible tracings of the intensity variations in the "oral" and 
nasal recordings were made on a high-speed power level recorder, and mean 
peak sound pressure levels were calculated for each. Listener judgments 
of the severity of nasality of the "oral" speech samples were obtained by
11
the method of paired comparisons. On the strength of correlations com­
puted between the nasality ratings and the mean sound pressure levels of 
the "oral” and nasal speech samples, the difference between nasal and 
"oral” sound pressure levels, and the direct ratio of nasal and "oral" 
sound pressure levels, Weiss concluded that these ”. . . correlations 
demonstrate that a method employing a probe-tube microphone, associated 
amplification apparatus, and sound pressure measuring devices is effec­
tive in providing measurements of sound pressure level which are related 
to judgments of severity of hypemasal voice quality".
Essentially the same probe-tube instrumentation and recording pro­
cedures were utilized by Summers (56) to compare "oral" and nasal sound 
pressure levels of eight vowel sounds at four intensity levels produced 
by sixteen male and fourteen female normal-speaking subjects. Among his 
findings, he reports that females as a group had lower "oral” but higher 
nasal sound pressure levels than males. Sound pressure levels for the 
high front vowels and the high back vowels were higher than those for the 
middle vowels. Nasal-”oral” sound pressure differences decreased as 
vowels were spoken at higher "oral” intensities. While Summers reports 
requiring each subject, following the thirty-two experimental vowel pro­
ductions, to repeat two of the vowels at one of the experimental intensi­
ties as a check on their reliability in producing sounds at specified 
levels, no other reliability data are presented.
Pierce (44) found a similar probe-tube assembly applicable to the 
evaluation of resonance differences afforded by various types of pros­
thetic speech appliances in adult cleft palate speakers. The sound pres­
sure level measurements differentiated the speech appliances on the basis 
of pharyngeal bulb placement, and, on the basis of correlations between
12
the sound pressure level measurements and listener judgments. Pierce con­
cluded, "The results of this study appear to support those of Weiss that 
the probe-tube assembly is effective in providing measurements of sound 
pressure level which are positively related to listener judgments of 
nasality." No reliability data for the sound pressure measurements are 
reported*
The probe-tube microphone assembly and associated sound measuring 
instrumentation was also used by Bryan (8) in comparing the nasal-"oral" 
sound pressure differences and listener ratings of nasality of sustained 
vowels and short sentences produced by adult cleft palate subjects. 
Pertinent findings of this investigation included: (a) high vowels were
associated with greater mean nasal-"oral" sound pressure level differ­
ences than were low vowels, (b) sound pressure differences in vowels were 
moderately related to sound pressure differences in sentences, the rela­
tionship varying with the vowel, and (c) sound pressure differences and 
listener ratings were more highly related in sentences than in vowels, 
and, for the sentences, sound pressure differences were more highly re­
lated to nasality ratings obtained in forward play than in backward play. 
Bryan reports no reliability data for the sound pressure measurements.
Essentially the same instrumental assembly was utilized by Couni­
han and Pierce (12) to study a larger speech sample of a larger number of 
both adult cleft palate and normal subjects. Among the significant find­
ings of this research were: (a) greater mean nasal-"oral" sound pressure
differences occurred in isolated, sustained vowels, in the vowels of CVC 
syllables, and in sentences for the cleft palate subjects than for nor­
mals, (b) the range of differences across vowels in the sustained vowels 
and the vowels in CVC syllables was greater for the cleft palate subjects
13
than for normals, (c) for the cleft palate groisp,. the means for vowels 
inC z] and. [s] contexts in CVC syllables exceeded those for vowels in 
Ldl and [t| contexts, while for normals, the means for vowels in [z] and 
[ d2 contexts were greater than those for vowels in [s] and [t] contexts, 
(d) for both normal and cleft palate subjects, the mean sound pressure 
differences for the vowels £i] and £u] were greater than those for the 
other vowels studied in all consonant environments; and vowels combined 
with and £d] averaged greater mean sound pressure differences than 
those combined with {^ s J or £tj, and (e) correlation coefficients between 
mean nasal-”oral" sound pressure differences and nasality ratings of each 
of the nine judges ranged from -.08 to .25 for isolated vowels, from .19 
to .54 for CVC syllables, from .49 to .65 for sentences in the forward- 
play condition, and from ,43 to .63 for sentences in the backward-play 
condition.
In summary, early claims to the objectification of nasality were 
based for the most part upon the use of procedures, devices, or instru­
ments designed to demonstrate or quantify changes in nasal air escape 
during speech. More recent research attention has been turned to the 
acoustic properties of nasality, and the probe-tube microphone assembly, 
which has been used in studies of both functional and cleft palate nasal­
ity, appears to be a promising tool in this respect. While relatively 
high and consistent correlations are reported between nasal-” oral” sound 
pressure differences and judgments of perceived nasality, the reliability 
of these sound pressure measurements remains to be evaluated.
The Reliability of Measurement
The two critical characteristics of any measurement instrument or
14
procedure are validity and reliability. Validity, the extent to which a 
test measures what it purports to measure, is established by correlation 
of the test with some accepted standard or with other criteria which are 
accepted by experts as the best evidence of the characteristic to be 
measured by the test; the results of the comparison are often less than 
perfect. As Hebb (23, p. 24I) points out, " . . .  validity is the corre­
lation of the test with a perfect measure of what we are trying to get 
at . . . .  In practice, we have no good perfect measures; and so we have 
no good way of determining validity quantitatively". The fundamental 
prerequisite of validity is reliability; if a test’s reliability is zero, 
it cannot be correlated with any standard or criterion, or even itself.
Reliability refers to the extent to which a test yields consistent 
results on retesting or, as Anastasi (l, p. 94) describes it, ". . . the 
consistency of scores obtained by the same individuals on different 
occasions or with different sets of equivalent items". Reliability is 
the accuracy with which a test instrument or procedure measures whatever
it is that it measures, rather than transitory or irrelevant items--
more precisely, it is the consistency, replicability, or predictability 
of a test.
Since all measurement is subject to error, reliability is always 
a matter of degree. The differences between the test scores of individ­
uals in a group may be attributed either to true differences in the char­
acteristic under test or to inaccuracies of measurement. A'test is unre­
liable in proportion to the variation of measurement that is due to those 
inaccuracies of measurement, i.e., the "error variance"; if there were no 
error variance, the reliability of the test would be perfect* The 
sources of measurement inaccuracy may be defects inherent in the test
15
instrument or procedure itself, chance factors or conditions operative 
at the time of test, or fluctuations in the performance of the subjects 
under test. Estimations of reliability are usually made by means of one 
of three methods —  test-retest, split-half, or comparable forms.
In the experimental investigation of human behavior, reliability 
of measurement depends in chief upon the consistency of test environment 
and procedures and the consistency of performance of investigator, sub­
jects, and instrumentation. These sources of variation, either singly 
or in combination, are frequently subjected to evaluation in research 
investigations into human communication behavior. For example, descrip­
tions of calibration procedures, which are, in essence, evaluations of 
the reliability of experimental instrumentation, are routinely included 
in the research literature. Too, studies dealing with listener judgments 
as a method of measurement of speech characteristics frequently rely upon 
the test-retest method to establish inter judge and intrajudge reliability. 
In view of the possible influence of factors such as pitch and intelligi­
bility upon judgments of voice quality, Sherman (48) concluded that such 
perceptual ratings would be more valid and reliable if made under con­
ditions of backward play. Spriestersbach (5I) required his judges to re­
peat their ratings of the experimental speech samples in order to obtain 
information concerning the reliability of nasality evaluations utilizing 
backward play. Lintz and Sherman (36) describe a similar procedure in 
their study of the relative effects of certain phonetic elements upon the 
perception of nasality. The first one hundred samples were repeated at 
the end of the listening session to provide an estimate of judgment re­
liability. This method of comparing an original rating against a subse­
quent rating of the same speech saa^le has allowed numerous investigators
16
(8, 12, 21, 58) to report the level of reliability obtained by judges or 
observers. Similar procedures have been reported relative to observer 
consistency in judgments of articulation proficiency (54)» in the re­
cording of language responses (18), and in the establishment of the con­
sistency effect in stuttering (ij).
In addition to observer reliability, attention has also been 
directed to the reliability of certain test instruments or methods uti­
lized in research investigations dealing with human communication. Sie­
gel (49) suggests that, for some items in articulation testing, consider­
able intrasubject variability is evident for different words and for dif­
ferent methods of sound elicitation. Darley and Moll (15), in a study 
relating to adequacy of item sampling in language evaluation, concluded 
that the mean length of response scores based upon fifty responses of 
five-year-old children were sufficiently reliable for most research pur­
poses, but that structural complexity scores based on the fifty response 
sample were not.
Mini fie et al (59) were concerned with the temporal reliability 
of such language measures, that is, the consistency of individual per­
formance on the same test over a period of time. In general, the results 
reported indicate relatively low tempoiral reliability for all seven lang­
uage measures investigated. These investigators point out that, while 
language measures obtained from retests of single fifty response language 
samples are not appreciably consistent from day to day, the mean for 
three separate fifty response language samples appears to be of adequate 
reliability for most research purposes.
The temporal reliability of articulation testing was assessed by 
Vinitz (65), who tabulated the number of correct and incorrect responses
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of five-year-old. children to a forty item test in two separate sessions.
The numher of correct responses did not change sufficiently from one
testing session to the other when each item was considered separately;
more intrasuhject variability, however, occurred for some sounds than
for others, Winitz points out:
In group studies correct articulation productions of subjects 
for a sound element are grouped for some purpose, such as devel­
oping norms. In correlation studies specific articulation items 
are studied with respect to some variable, and subjects are 
either (a) assigned to subgroups on their production of a sound 
element, or, (b) correlations between articulation production 
and some variable are determined.
In light of these considerations, the reliability of articulation respon­
ses appears sufficient for group studies, but, at least for some test 
items, inadequate for correlation studies.
This apparent lack of consistency has been noted in many aspects 
of speech production or related functions. Repeated utterances of the 
same vowel phoneme by a speaker or speakers may result in variations in 
perceived phonetic quality as well as in measurable acoustic characteris­
tics. Although Black (5, 6) has demonstrated that phonetic context in­
fluences vowels, others (25, 40» 57) have observed important intersubject 
and intrasubject variations when phonetic context is held constant. In­
consistencies of subject performance have also been reported in speech- 
related activities such as nasal air escape. Shelton, Bankson, and 
Brooks (47) report a rather substantial discrepancy of water displacement 
in mean test-retest measurements utilizing a IT-tube water manometer.
Young (66), using a strain gauge manometer, observed considerable vari­
ability in the intranasal air pressure of both normal and cleft palate 
subjects.
After determining that the correlations between oral breath
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pressures, articulation skills, and measures of velopharyngeal adequacy 
from lateral x-rays were relatively low, Spriestershach and Powers (52) 
point to the need for the establishment of reliability in such perform­
ances;
The absence of higher relationships is not surprising in view 
of individual variability and the complexity of the speech pro­
cess. It should be remembered that each of the measures was ob­
tained only once for each subject. No research has been done to 
determine how stable the x-ray and pressure measurements are on 
repeated tests of individuals with cleft palates.
Reliability estimates made in probe-tube studies of nasality have 
included (a) assessment of subject reliability in producing a specific 
oral intensity (56), (b) evaluation of the consistency of repeated power 
level recorder tracings of "oral" and nasal sound pressures (60), (c) cal­
ibration of instrumentation (S, 12, 44» 56, 60), and, (d) assessment of 
inter judge and in tra judge reliability (S, 12, 44» 60). The reliability 
of sound pressure level measurements obtained by means of the probe-tube 
microphone apparatus, however, has not been investigated.
In summary, reliability refers to the consistency throughout a 
series of measurements. All scientific measurement is subject to error 
which may derive from subject, instrument, or procedural variability, or, 
indeed, a composite of all three factors. Since reliability information 
serves to provide an estimate of the confidence that may be placed in 
any given measure, the validity of any measurement process cannot be 
ascertained until the reliability has been established. No reliability 
information on nasal-"oral" sound pressure measurements, obtained by means 
of the probe-tube microphone assembly is reported in the literature.
CHAPTER III 
DESIGN OF THE INVESTIGATION
While the prohe-tuhe microphone assembly has provided data that 
have been useful in the evaluation of nasality, no information appears 
in the literature with respect to the reliability of these measures.
Such information is critical not only to the interpretation of previous 
research but also to the planning for further investigations utilizing 
this instrumentation. The purpose of this study, therefore, was to de­
termine the reliability of "oral"^ and nasal sound pressure level mea­
surements obtained by means of the probe-tube microphone assembly and 
associated sound pressure recording instrumentation.
Subjects in this investigation included two groups of adult cleft 
palate patients and a third group of normal-speaking individuals without 
velopharyngeal problems. The experimental speech sample included four 
isolated, sustained vowels, sixteen consonant-vowel-consonant syllables, 
and one short sentence containing no nasal consonant sounds. Utilizing 
the probe-tube microphone apparatus, simultaneous "oral" and nasal mag^ 
netic tape recordings of each subject were made at two separate sessions,
"^"The "oral" speech signal, recorded eight inches in front of the 
lips, included sound from both the oral and the nasal cavities. Follow­
ing the practice observed in prior investigations and for the sake of 
clarity, this total speech signal, although recognized to contain both 
oral and nasal components, is hereafter referred to as the "oral" signal.
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each session consisting of two consecutive productions of the speech 
sample. Ifeasurement of the graphic level recorder tracings of the suc­
cessive tape recorded speech samples provided the primary data for this 
study. The research question and descriptions of the subjects, speech 
sample, instrumentation, and procedures employed in this investigation 
are presented in the following sections.
The Research Question 
The following research question was formulated for this investi­
gation:
What differences exist in the nasal-"oral" sound pressure 
measurements of adult cleft palate and normal-speaking 
subjects in repeated productions of sustained vowels, 
sentences, and consonant-vowel-consonant syllables?
Subjects
Fifteen male adults, ten with operated cleft palate or cleft lip 
and palate and five without, served as subjects in this study. The cleft 
palate subjects presented varying degrees of nasality; the speech of the 
non-cleft palate subjects was within normal limits. Individuals who met 
the other experimental requirements were selected as subjects and assigned 
to one of three subject groups on the basis of the mean of three oral 
manometer (Hunter, Model 360) ratios. Group I was composed of five 
cleft palate subjects whose mean oral manometer ratios were below .70, 
with a group mean of .43. Group II included five cleft palate subjects 
whose mean oral manometer ratios were between .70 and .90, with a group 
mean of «82, Group III was composed of the five non-cleft palate sub­
jects whose mean oral manometer ratios were all 1.0. The mean oral mano­
meter ratios for the fifteen subjects are presented in Table 9 in the
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Appendix.
All subjects selected for this study were between the ages of 17 
and 45 years, in order to preclude variations in voice and speech produc­
tion associated with adolescence or older ages. The mean ages of the 
subjects in Groups I, II, and III were 28.6, 2?.2, and 28.8 years, respec­
tively.
All subjects were required to have essentially normal hearing in 
at least one ear. Audiometric screening results indicated that no sub­
ject had a loss greater than 15 dB in the^  better ear at 500, 1000, and 
2000 cps.
On the basis of grade-level achiev^ent and occupation, all sub­
jects were estimated to be within or above the limits of normal intelli­
gence.
No restrictions with respect to type of cleft or operative, pro­
cedure were established for the cleft palate subjects. All five non- 
cleft subjects were without major oral structural deviation.
Speech Sample
The experimental speech sample produced by each subject con­
sisted of:
a. four isolated vowels, [i], [leeH, LoQ, and Cu3, each 
sustained for three seconds,
b. sixteen consonant-vowel-consonant (CVC) syllables, com­
posed of the consonants Ct], [d], [sj, and [.zj individ- - 
ually combined with, each of the above vowels, and
c. a short sentence, "The cook fed her fat hogs", contain­
ing no nasal consonants.
Isolated vowels, CVC syllables, and sentence materials were in­
cluded in this study on the basis of reports (8, 12, $6, 52, 60) of
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differences between or among the three types of speech signal in per­
ceived nasality and/or nasal-"oral" sound pressure level measurements.
The vowels j^ i^  * j^ dj» and jjiJJ were selected in order to allow study
of vowels that differ in velopharyngeal valving (40), tongue position 
(62), relative acoustic power (25), and nasal-"oral" sound pressure 
difference (12). Consonants for the (JVC syllables were chosen to allow 
comparison of voicing and manner of production ^ place of articulation 
held reasonably constant; House and Fairbanks (25) have shown that vowel 
power and duration are influenced more by manner of production and voic­
ing than by place of articulation. The single sentence selected for use 
in this study was that sentence found by Bryan (S) to demonstrate the 
highest correlation between perceived nasality and nasal-"oral" sound 
pressure level difference,
Instrumentation
The instrumentation utilized in this investigation was similar to 
that used in previous studies of nasal-"oral" sound pressure level dif­
ferences in speech (8, 12, 44, 56, 60), This consisted of an audio re­
cording system* by which simultaneous "oral" and nasal magnetic tape re­
cordings of the subjects’ speech samples were made, and a graphic record­
ing system* by which continuous visual tracings of the intensity in the 
speech sangles were obtained.
Description
The audio recording assembly used in this study \ras a dual- 
channel system designed to allow the separate, but simultaneous, record­
ing of (a) the subject*8 "oral" speech production, with a microphone 
placed approximately eight inches from the lips, and (b) the speech
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signal in the subject’s least-occluded nasal fossa, by means of a probe- 
tube microphone inserted into the nostril. The components of this re­
cording system included:
a. two half-inch condenser microphone cartridges (Bruel 
and Kjaer, Model 4154)» one modified by the addition 
of an adapter and a miniature-bore probe-tube (Bruel 
and Ejaer, Model UA OO4O),
b. two cathode followers (Bruel and Ejaer, Model 2615), 
to which the microphone cartridges were attached,
c. two microphone amplifiers (Bruel and Ejaer, Model 
2603), one of which was modified by the circuit in­
sertion of a custom-designed equalizing filter, and
d. a dual-channel magnetic tape recorder (Ampex, Model 
354).
The condenser microphone cartridges, specifically designed for 
sound measurement under free—field conditions, were individually cali­
brated by the manufacturer to present a frequency response of ±2 dB 
from 20 to 20,000 cps in a diffuse sound field. The microphone car­
tridge in the "oral” recording system was used with its protective grid 
in place and at a 90-cLegree angle of incidence to the speech source. 
According to the manufacturer’s specifications (28), there is rela­
tively little effect on the frequency response curve of the microphone 
below 15,000 cps under these conditions.
The nasal microphone cartridge was identical to the oral except 
for removal of the protective grid and the addition of a probe-tube and 
its adapter. The stainless steel probe-tube was one millimeter in outer 
diameter, six—tenths millimeter in inner diameter, and measured from the 
tip of the adapter, three inches in length. The magnitude of the outer 
diameter allowed the placement of the probe-tube in the nasal meatus 
without contacting the columella or ala and without appreciably altering
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the sound pressure environment in the nasal cavity (3, 4) « The thickness 
of the prohe-tuhe wall, two-tenths millimeter, was sufficient, according 
to the manufacturer's calibration (28) to provide a signal-to-noise 
ratio of more than 40 at all frequencies from 100 to 5000 cps* The 
prohe-tuhe was long enough to allow placement of the nasal microphone 
cartridge and cathode follower out of the path of the orally emitted sig­
nal, hut was made as short as possible to improve its sensitivity (4).
The condenser microphone cartridges of both the "oral” and nasal 
recording systems were connected to cathode followers, transforming the 
high source impedance of the microphone cartridges to the relatively low 
impedance required for the succeeding microphone amplifiers. The micro­
phone amplifiers presented linear frequency responses (-.5 dB) from 2 to 
35»000 cps, provided a Ttifl-viTmnn amplification of 100 dB, and, with the 
condenser microphone cartridges and cathode followers, conformed to the 
specifications for standard sound level meters, indicating sound pressure 
level in decibels re .0002 dyne/cm^ (29).
The dual-channel magnetic tape recorder, matched in impedance 
with the microphone amplifiers, had a frequency response at 7*5 ips of 
±2 dB from 4O to 12,000 cps. Its frequency response was verified at the 
beginning of this investigation, and its "record” and "reproduce” poten­
tiometer settings were adjusted to a white noise of known intensity prior 
to the recordiig of each subject.
The tape recorded "oral" and nasal speech signals were reproduced 
from the dual-channel tape recorder directly into the graphic level re­
corder, a high-speed instrument for recording signal level variations as 
a function of time within a frequency range of 20 to 20,000 cps. The 
50-dB logarithmic potentiometer used with the level recorder was accurate
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±,5 cG -within that frequency range, according to the manufacturer's 
specifications (50).
Calibration
A miniature-bore probe-tube has a relatively constant high- 
frequency attenuation per octave. Calibration of the probe--tube used in 
this study revealed an atten-uation of approximately 5 per octave, as 
is ill-us-trated by the frequency response curve in Figure 1. In order 
to compensate for this high-frequency attenuation, the bore of the probe- 
tube was packed with steel wool, as suggested by the manufacturer, and, 
further, a custom-designed equalizing filter -was constructed for in­
sertion in the external filter circuit of the amplifier used with the 
nasal microphone. The filter consisted of a ♦02-rmicrofarad condenser in 
parallel with a 55,000-ohm resistor, both in series with a 1500-ohm re­
sistor. With the steel wool in the probe--tube and the equalizing filter 
in the amplifier circuit, the frequency response of the nasal microphone 
-was i2 dB to 5000 cps, as illus-fcrated in Figure 2.
The nasal probe—-tube microphone and amplifying system were cali­
brated against the "oral" microphone and amplifying system, the frequency 
characteristics of which had been verified immediately after receipt from 
the manufacturer and which, as pre-vlously indicated, were utilized in 
this study as a precision sound level meter. The "oral" microphone was 
placed at a 90-degree angle of incidence to and one inch from an ampli- 
fler-speaker (Ampex, Model 620) in an acoustically isolated room. The 
tip of the probe-tube was placed at approximately a 45~<3.eg2ree angle of 
incidence to the anq)lifier-^eaker and one-quarter inch above the grid of 
the "oral" microphone. The amplifier-Speaker, driven by a beat frequency
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Figure 1.— F^requency response curve of the nasal microphone and an uncompensated 
probe tube to a 100-dB SPL tone.
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Figure 2.—-Frequency response curve of the nasal microphone, probe tube and equal­
izing filter to a 100-dB SPL tone.
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oscillator (Bruel and Kjaer, Model IOI4) in the adjoining control room, 
produced a tone of sufficient intensity to register 100 dB SPL on the 
volt meter of the "oral" microphone amplifier. The concurrent response 
of the nasal prohe-tuhe microphone was read on the meter of its associ­
ated an^lifier. Such readings were taken at 100-cycle intervals from 
100 through $000 cps and at 1000-cycle intervals from that point to
10,000 ops. As detailed ahove, the frequency response of the nasal 
prohe-tuhe microphone was essentially flat to $000 cps. The mean attenu­
ation introduced hy the prohe-tuhe and the accompanying equalizing filter 
was 51 cLB from 100 to 5OOO cps.
The graphic level recorder was also calibrated against the "oral" 
microphone and amplifying system, Utilizing white noise, 5-dB increments 
on the meter of the microphone amplifier resulted in identical increments 
on the chart paper of the graphic level recorder.
Procedures
The experimental procedures in this investigation included (a) 
the magnetic tape recording of the "oral" and nasal speech signals and 
(h) the derivation and measurement of graphic level recorder tracings of 
the tape recorded speech signals.
Recording Procedures 
All speech samples were recorded in a two-room, sound-isolated 
suite at the Speech and Bearing Center, University of Oklahoma Medical 
Center. The amhient noise level within the test room was helow 50 dB as 
measured on the "C" scale of a sound level meter (General Radio, Model 
793) • The nasal microphone amplifier and the tape recorder were situ­
ated in the adjoining control room anA were monitored during the record—
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ing sessions "by a speech pathologist experienced in their operation. The 
test room contained the subject’s chair, the "oral" and nasal condenser 
microphone cartridges and their cathode followers, and the "oral" micro­
phone amplifier. In front of the subject's chair and in proximity to the 
volt meter of the microphone amplifier were a rack to hold the speech 
sample cards and the signal li^ts to indicate the beginning and end of 
the three-second phonation period for the vowel sounds. The examination 
chair in which the subject was seated was provided with an adjustable 
back and headrest. Stability of the head was achieved by means of a wide 
elastic band placed around the subject's head and the headrest, assuring 
not only a uniform distance from the mouth to the microphone, but also 
that the subject's lateral head movements would not bring the probe-tube 
into contact with the margins of the nostril.
After the subject was seated, the stands to which the test micro­
phones were affixed were moved into position so that the "oral" micro­
phone was eight inches from the lips of the subject, with the diaphragm 
of the microphone in a horizontal plane with the center of the mouth.
The nasal microphone wa,s positioned in such a way that the probe-tube 
projected at an acute angle one—fourth inch into the least-occluded nasal 
fossa; this angle approximated 45 degrees, although varying with the nos­
tril and facial planes of individual subjects. Nostril choice for places 
ment of the probe-tube was detennined during the preliminary examination 
of the patient by taking the average of three manometer pressure readings 
with each nostril occluded individually.
Having been familiarized with the speech samples, the subject 
practiced peaking the production of each item in the speech sample at an 
intensity level of 75 dB SPL oh the volt meter of the " oral" _ microphone
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amplifier. The decision to require a uniform intensity level for all 
subjects and speech samples was made on the basis of Summers' findings 
(56) that the relationships of nasal-"oral" sound pressure differences 
among vowels are altered at different intensity levels. The 73-dB in­
tensity level, selected in order to assure a signal-to-noise ratio of 
greater than 20 dB and to provide a level easily attainable by all sub­
jects, was consistent with that used by Bryan (s) for cleft palate sub­
jects. During this practice peiriod, the attenuator settings on the nasatl 
microphone amplifier were adjusted so that the nasal signals, when thus 
attenuated, would be accommodated within the 20-dB range of the amplifier 
meter. Timing of the phonation period for the vowels was also practiced. 
Controlled by a cam timer in the control room, a one-second red light 
alerted the subject to prepare to phonate; a three-second amber light 
signalled him to sustain the vowel production at the 73-dB intensity 
level. The experimental speech samples were produced upon oral cue from 
the investigator and, in addition y were printed on three-by-five-inqh 
cards placed in view of the subject. The subjects were recorded at ran­
dom; for each subject, the order of presentation of the vowels, CVC syl­
lables, and the sentence, as well as the order of items within the vowel 
and syllable groups, were randomized for each of the four trials.
In this investigation, magnetic tape recordings of each subject 
were made at two separate recording sessions. During Session I, simul­
taneous "oral" and nasal recordings were made of two consecutive produc­
tions of the entire speech sample, hereinafter referred to as Trial 1 
and Trial 2, Insofar as was possible, the conditions of the two trialb 
were kept constant, except for re-randomization of the speech sample for 
Trial 2. In particular, such factors as head position and stabilization.
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placement of the "oral" microphone, and depth and angle of the■ insertion 
of the prohe-tuhe remained unchanged for the two trials.
Upon conç)letion of the two trials of Session I, the subject was 
removed from the recording assembly and left the test roam. All parts 
of the experimental equipment and instrumentation that would normally he 
adjusted to the individual subject, that is, the headband, the headrest 
of the examination chair, the microphone stands, and the clamps which 
controlled the positions of the two microphones, were moved out of the 
positions in which they were used during Session I. After not less than 
fifteen minutes, the subject was recalled to the test room for Session 
II, seated, and repositioned in the recording assembly as previously de­
scribed. Every effort was made to duplicate the subject and microphone 
positioning of Session I, with particular attention to such variables as 
head position, distance of the "oral" microphone from the mouth, and 
depth and angle of the insertion of the probe-tube. Session II also con­
sisted of two consecutive productions of the entire speech sample. Trials 
5 and 4.
Measurement Procedures
Separate visual tracings of the variations in intensity recorded 
by both the "oral" and probe-tube microphones were obtained by means of 
the graphic level recorder. Throughout this investigation the level re­
corder was operated at a chart-paper speed of $0 millimeters per second 
and a stylus writing speed of 500 millimeters per second. The graphic 
level recorder chart-paper (Bruel and Ejaer, Qf 2550) used was designed 
for use with the 50-dB logarithmic potentiometer; two and one-half inches 
in width and ruled in ten equal intervals, it allowed a recording range
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of 50 dB.
White noise of a known sound pressure level was recorded on both 
the "oral” and the nasal channels of the tape recorder just prior to 
Session I for each subject. This signal provided a reference tracing oh 
the level recorder chart-paper from which measurements could be made of 
the tracings of the recorded speech samples in decibels re .0002 dyne/cm^. 
The reference signal for the "oral" recordings was 85 dB, for the nasal 
recordings, II6 dB. The difference in the reference signal intensities 
reflected the attenuation introduced by the addition of the damped probe- 
tube and the equalizing filter.
The tracings of the sustained vowels did not always indicate a con­
stant intensity during the three-second phonation. The intensities of 
the "oral" and nasal vowel signals, therefore, were determined by aver­
aging the measured amplitudes of the level recorder tracings at three 
points fifteen millimeters apart in the middle steady—state portion of 
the vowel, i.e., through approximately the middle one second of the three- 
second production. The intensities of the "oral" and nasal signals in 
the CVC syllables were measured at the peak amplitudes of the vowels in 
the level recorder tracings of these syllables. In the sentence, the in­
tensities of the "oral" and nasal signals were determined by averaging 
the measured amplitudes of all peaks in the "oral" and nasal level re­
corder tracings. In this analysis, a "peak" was defined as the high 
point of an upward-downward excursion of the signal tracing that was 
5 dB or more above the low points of the preceding and following down­
ward-upward excursions of the tracing. Peaks more than 20 dB below the 
reference tracings were not measured; this criterion allowed measurement 
of every major peak in the "oral" and nasal tracings and eliminated from
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measrarement the low-intensity, short-dxiration peaJcs that were atypical 
of the major "oral" and nasal resonances seen for the subject.
"Oral" and nasal tracings of every speech production for each of 
the four trials for all subjects were measured independently twice. Any 
discrepancies between the first and second measures were resolved by a 
third measurement; in no instance was the third measure different than 
one or the other of the first two measures. The arithmetic difference 
of the "oral" and nasal measurements was then computed for each item in 
the speech sample.
The data derived for analysis in this investigation,- then, con­
sisted of the nasal—"oral" sound pressure level differences of four iso­
lated, sustained vowels, sixteen CVC syllables, and a short sentence 
produced by three groups of adult male subjects. The results of this in­
vestigation and a discussion of the findings are presented in the follow­
ing chapter.
CMPTER 17
RESULTS AND DISCUSSION
Only the nasal-"oral” sound pressure differences obtained in 
this study were subjected to statistical and descriptive analysis. Had 
the "oral" sound pressure levels been constant, the analysis could have 
been limited to the nasal sound pressure level measurements; however, 
since the oral sound pressure levels varied slightly, the nasal—"oral" 
differences were judged to be the most meaningful data for analysis. 
Furthermore, such difference scores have comprised the data reported in 
previous investigations of nasal and "oral" sound pressure levels. The 
results of the analyses of the nasal-"oral" data and a discussion of 
these findings are presented in the following sections.
Results
Statistical Analysis 
The nasal-"oral" differences obtained in this study were analyzed 
by partially-nested analyses of variance with factorial arrangement of 
treatments, with an experimental confidence level of .05. Where appro­
priate, the Duncan Multiple Range Test (53)» also with a confidence level 
of .05, was utilized to locate significant differences among the means 
contributing to the significant F-ratios in the analyses. The main ef-, 
fects for the rowels included groups, sessions, trials^ and vowels; for
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the sentence, gcouï>s, sessions, and trials; and for the syllables, 
groups, sessions, trials, vowels, and consonants. The sessions and 
trials ma-iTi effects and the interactions involving these variables were, 
of course, of paramount importance in the determination of the reliabil­
ity of the sound pressure level measurements made in this investigation.
Summaries of the analyses of variance for the mean nasal-”oral” 
sound pressure level differences of the experimental vowels, sentence, 
and syllables are presented in Tables 1, 2, and 5» Inspection of these
tables reveals that none of the sessions or trials main effects achieved
the experimental confidence level in any of the analyses.
The failure of the sessions main effects to achieve significance
in the three analyses indicates that none of the nasal-”oral” sound 
pressure differences for the three types of speech sample, when averaged 
over all subjects for each of the three types of speech sample, differed 
significantly from Session I to Session II, The means for Session I
were 30»93» 29.15» and 50*06 dB and for Session II, 50*80» 28.88, and
50,01 dB for the vowels, sentence, and syllables, respectively. These 
nasal-”oral” sound pressure differences are equivalent to those reported 
in previous investigations utilizing the probe-tube microphone assembly.
The lack of significance of the trials main effects in the three 
analyses indicates that the nasal—”oral” sound pressure measures of the 
vowels,' sentence, and syllables recorded during the first production of 
the speech sample in each session did not differ significantly from 
those obtained during the second production in each session. The means 
contributing to the trials mmin effects in each of the analyses were all 
within .5 dB of those for the sessions main effects.
Inspection of Tables 1, 2, and 5 also reveals that in none of the
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TABLE 1
SUMMARY OP THE AMLYSIS OP VARIARCE OP THE MEAR HASAL-"QBAL" SOUHI)
EBESSDEE DIPPERENCES PQR THE SUSTAIHED VOWELS
PRODUŒD BY PIPTEER SUBJECTS
Source df ms P P.05
Groups (a ) 2 408,29 3.15 3.89
Error B/A (Subjects within Groups) 12 129.52
Sessions (c) 1 .89 .04 4.75
Groups X Sessions (AC) 2 5.21 .25 3.89
Error BC/A 12 21.01
Trials (D) 1 1.29 .08 4.75
Groups X  Trials (AB) 2 1.41 .08 3.89
Error BD/A 12 16.71
Sessions x Trials (CD) 1 6.27 .84 4.75
Groups X  Sessions x Trials (ACD) 2 9.53 1.28 3.89
Error BCD/A 12 7.44
Vowels (E) 5 304.04 15.18 2.86
Groups X  Vowels (AE) 6 149.23 7.45 2.36
Error BE/A 36 20.02
Sessions x Vowels (CE) 3 8.59 1.62 2.86
Groups X  Sessions x Vowels (ACE) 6 4.53 .86 2.36
Error BCE/A 36 5.29
Trials x Vowels (BE) 3 .84 .30 2.86
Groups X  Trials x Vowels (ABE) 6 2.40 .86 2.36
Error BBE/A 36 2.79
Sessions x Trials x Vowels (CBE) 3 2.76 .92 2.86
Groups X  Sessions x Trials 6 2.04 .68 2.36
X  Vowels (ACBE)
Error BCBE/A 36 2.99
Residual 0 0.00
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TABLE 2
SUMMARY OP THE ANALYSIS OF VARIANCE OF THE MEAN NASAL-"ORAL" SOUND
HiESSURE DIFFERENCES FOR THE SENTENCE PRODUCED
BY FIFTEEN SUBJECTS
SoTzrce df ms F F.05
Groups (a ) 2 256.74 2.90 3.89
Error B/A 12 88.53
Sessions (C) 1 1.09 .18 4.75
Groups X Sessions (AC) 2 5.19 .85 3.89
Error BC/A 12 6.11
Trials (D) 1 2.20 .40 4.75
Groups X Trials (AD) 2 «53 .09 3.89
Error BD/A 12 5.58
Sessions x Trials (CD) 1 .14 .06 4.75
Groups X Sessions x Trials (ACD) 2 .63 .26 3.89
Error BCD/A 12 2.42
Residual 0 0.00
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TABLE 3
SDMMÔR'J OP THE AHALYSIS OF VARIAHCE OF THE MEAN NASAL-" ORAL" SOUND
FRESSDEE DIFFERENCES FOR THE SIXTEEN CVC SYLLABLES
PRODUCED BY FIFTEEN SUBJECTS
Source df ms F F.O5
Groups (a ) 2 4021*89 6.21 3.89
Error B/A 12 647.85
Sessions (C) 1 .60 .005 4.75
Groups X Sessions (AC) 2 9.46 .07 3.89
Error BC/A 12 127.57
Trials (D) 1 171.70 4.17 4.75
Groups X Trials (AD) 2 40.26 .98 3.89
Error BD/A 12 41.23
Sessions x Trials (CD) 1 78.20 3.28 4.75
Groups X Sessions x Trials (ACD) 2 43.47 1.82 3.89
Error BCD/A 12 23.84
Vowels (E) 5 140,25 2.16 2.86
Groups X Vowels (AE) 6 259.44 3.91 2.36
Error BE/A 36 66.28
Sessions x Vowels (CE) 3 3.92 .46 2.86
Groups X Sessions x Vowels (ACE) 6 9.84 1.15 2.36
Error BCE/A 36 8.53-
Trials x Vowels (DB) 3 .97 .18 2.86
Groups X  Trials x Vowels (ADE) 6 5.48 1.00 2.36
Error BDE/A 36 5.47
Sessions x Trials x Vowels (CDE) 3 4.84 .90 2.86
Groups X  Sessions x  Trials 6 2.13 .40 2.36
X Vowels (ACDE)
Error BCDB/A 36 5.36
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table 5— Continued
Source df ms P P.05
Consonants (P) 5 525.52 6.47 2.86
Groups X Consonants (AP) 6 175.17 5.48 2.36
Error BP/A 56 50.54
Sessions x Consonants (CP) 5 5.63 .52 2.86
Groups X Sessions x Consonants (ACP) 6 6.89 .65 2.36
Error BCP/A 56 10.86
Trials x Consonants (DP) 5 4.81 .83 2.86
Groups X Trials x Consonants (ABP) 6 9.62 1.65 2.36
Error BDP/A 56 5.82
Sessions x Trials x Consonants (CDP) 5 6,86 .80 2.86
Groups X Sessions x Trials 
X Consonants (ACDP)
6 9.98 1.17 2.36
Error BCDP/A 56 8.55
Vowels X  Consonants (EP) 9 17.54 2.08 1.96
Groups X  Vowels x Consonants (AEP) 18 13.60 1.62 1.66
Error BEP/A 108 8.42
Sessions x Vowels x Consonants (CEP) 9 5.00 .87 1.96
Groups X Sessions x Vowels 
X  Consonants (ACEP)
18 2.16 .38 1.66
Error BCEP/A 108 5.72
Trials x Vowels x Consonants (UEP) 9 1.98 .46 1.96
Groups X Trials x Vowels 
X  Consonants (ADEP)
18 8.90 2.08 1.66
Error BUEF/A 108 4.28
Sessions x Trials x Vowels 
X  Consonants (CBEP)
9 10.17 1.49 1.96
Groups X  Sessions x Trials x Vowels 
X  Consonants (ACBEP)
18 6.23 .91 1.66
Error BGDBP/A 108 6.84
Residual 0 0.00
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three analyses did the P-ratios of the sessions-hy-trials interaction 
achieve the experimental confidence level, indicating that the nasal- 
"oral" differences for each of the three types of speech sangle did not 
differ significantly across the four trials. The maximum difference be­
tween the means contributing to this interaction was only .47 dB for the 
vowels, .65 dB for the sentence, and 1.42 dB for the CVC syllables.
Of the thirty-three remaining interactions involving the sessions 
and/or trials variables in the three analyses, only the third-order 
groups-by-trials-by-vowels-by consonants interaction in the analysis of 
the CVC syllables was significant. The failure of the interactions in­
volving the sessions and/or trials variables to achieve significance in 
these analyses indicates that the nasal-”oral” differences did not differ 
significantly for the sessions and trials variables when considered in 
relation to each other or to the subject groups and/or individual types 
of speech sample. The significant P-ratio for the groups-by-trials-by- 
vowels-by—consonants interaction in the analysis of the CVC syllables in­
dicates that the nasal-”oral” sound pressure differences differed signifi­
cantly across the vowel-consonant combinations as produced by the three 
subject groups within the first and second trials of each session. Ex­
amination of the group, trial, consonant, and vowel means contributing to 
this interaction reveals that the mean measurement for [u] in [d] con­
texts is considerably higher for Qroup I, the cleft palate subjects with 
relatively low oral manometer ratios, on the second trials of each ses­
sion. Purther inspection of these data, however, fails to reveal major 
trends that might account for the significance of the interaction, and 
its interpretation remains unclear.
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Descriptive Analysis 
The analyses of variance of the nasal-"oral" sonnd. pressure dif­
ferences for the three types of speech sançle revealed no significant 
differences attributable to the sessions or trials main effects or to 
the interaction of these variables with other variables in the analyses. 
However, this statistical method tests only for the significance of dif­
ferences among mean scores and provides little information with respect 
to variation of individuals within any subject group. Toward this end, 
therefore, evaluation of the magnitude of the mean differences between 
session and trial scores, across speech sanç>le types for each subject 
group, was undertaken.
In this analysis, the difference between the nasal—"oral" mea­
sures of Trial 1 and Trial 2 and the difference between the measures of 
Trial 5 and Trial 4 were obtained for each speech saaçle item produced by 
each subject, and the means and ranges of these two groups of difference 
scores were computed for each of the three subject groups. In addition, 
the TnflviTitHtn difference between the two nasal-"oral" measures of Session I 
and the two measures of Session II was derived for each speech sample by 
each subject, And the means and ranges of these maxi mum intersession dif­
ference scores were computed for each of the three groups. .
Vowels. The means and ranges of the difference scores for the 
sustained vowels by the three groups of subjects are presented in Table 4» 
Inspection of the Trial 1-Trial 2 mean diffeirence scores reveals that, 
with the exception of the ,8-dB mean for [a] by Group II, these scores 
are quite similar and, when averaged over all vowels, are essentially 
identical for each of the subject groups. While the ranges of the 
Trial l-d!rial 2 differences scores are generally of the same magnitude
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TABLE 4
MEANS AND GANGES OF BIFFEBENCES IN BECIBELS BETWEEN TRTATfi 1 AND 2 
AND BETWEEN TRIALS 3 AND 4 AND MEANS AND RANGES OF DIFFERENGES 
IN DECIBELS BETWEEN SESSIONS I AND II FOR FOUR SÜSTAINED 
VOWELS PRODUCED BY THREE SUBJECT (&OUPS
Group
Trial 1 —
[4
Trial 2
w w M X
I Means 2.0 1.6 1.8 3.0 2.1
Ranges 1-4 0-6 0—4 0-5
II Means 2.6 2.0 .8 2.6 2.0
Ranges 1-7 1-5 0-2 0—8
III Means 2.0 1.6 2.6 1.6 2.0
Ranges 0-4 0-4 1-7 0-2
X 2.2 1.7 1.7 2.4
Trial 3 - Trial 4
Group X
M M [<l H
I Means 2.2 2.6 2.4 1.2 2.1
Ranges 1-4 1-4 1-4 0-3
II Means 3.2 2.6 2.4 3.6 3.0
Ranges 1-9 0-7 1-3 1-11
III Ifeans 1.6 3.6 2.8 1.4 2.4
Ranges 0-2 0-8 1-8 0-4
X 2.3 2.9 2.5 2.1
Session I •- Session II
Group X
M W w L-J
I Means 6.0 4.8 3.2 5-2 4.3
Ranges 2-8 2-7 1-5 2-6
II Ifeans 5.2 4.0 3.8 7.0 5.0
Ranges 1-12 1-7 3-6 1-14
III Means 3.6 4.2 4.2 3.2 3.8
Ranges 2-5 2-6 1-9 2-4
2 4.9 4.3 3.7 4.5
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from group to group for each of the vowels, the ranges of Group II are, 
on the average, slightly greater than the ranges of the other two sub­
ject groups. The Trial 3-Trial 4 mean difference scores are also similar 
for each of the vowels for each subject group, but, when averaged over 
all vowels, are somewhat higher for Group II. The ranges of the dif­
ference scores for Group II are, on the average, again sli^tly higher 
than those observed for the other two groups.
The Trial 1-Trial 2 mean diffeirence scores, when considered 
across groups, are equivalent for the four vowels, although the mean dif­
ferences for [se] and [oil are, on the average, lower, by less than 1 dB, 
than those for [ij and [u]. The ranges of the Trial 1-Trial 2 differ­
ence scores across groups are highly similar for each of the vowels. The 
Trial 3-Trial 4 mean difference scores across groups are also very simi­
lar for each of the vowels ; however, in this instance, the means for [ael 
and [JoJ are higher, by less than 1 dB, than the means for and£u].
The ranges of the Trial 3-Trial 4 mean difference scores are, as a group, 
slightly higher for [eel and [u] than for the other two vowels.
Inspection of Table 4 also reveals that the Session I-Session II 
difference scores, while considerably larger than the between-trials dif­
ference scores, as might be expected, are similar for each of the vowels 
for each of the subject groups, but, when averaged over all vowels, are 
higher by approximately 1 dB for Group II. Examination of the individual 
subject scores reveals that extreme scores of two subjects are responsi­
ble for the mean of J-O dB for [u] by Group II. The ranges of the Ses­
sion I-Session II mean difference scores vary rather widely for each of 
the groups from vowel to vowel, but are markedly higher, on the average, 
for Group II; in this instance, the ranges of 12 and 14 dB for [ i3 and
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[izj, respectively, are attributable to the difference scores of a single 
subject. The means and ranges of the Session I-Session II mean differ­
ence scores, when considered across groups, are equivalent for the four 
vowels, although both means and ranges are slightly lower for [ae] and 
CaJ than for [i] and [u].
Sentence. The means and ranges of the difference scores for the 
sentence in the experimental speech sample are presented in Table 5» in-
TABLB 5
MEANS AND RANGES OP DIPPEBENCES IN DECIBELS BETWEEN TRTAT.S 1 AND 2 
AND BETWEEN TRIALS 5 AND 4 AND MEANS AND RANGES OP DIPEEBENC®S 
IN DECIBELS BETWEEN SESSIONS I AND II PQR TEE SENTENCE 
PRODUCED BY THREE SUBJECT (SOUPS
Group Trial 1-Trial 2 Trial 5—^ i a l  4 Session I-Session II
I Means 2.0 5.0 5.2
Ranges 0-5 1-7 2-9
II Means 2.6 1.6 5.2
Ranges 1-4 0-4 2-5
III Means 1.8 .4 5-4
Ranges 0-5 0-1 2-6
X 2.1 1.7 5.9
spection of which reveals scores that are similar to those obtained for 
the isolated, sustained vowels, Por the sentence, the Trial 1-Trial 2 
mean difference scores are equivalent for the three subject groups, ap­
proximately 2 dB. The Trial 5-Trial 4 mean difference scores are rela­
tively more variable, ranging from. 5«0 dB for Group I to *4 dB for Group 
III, but, averaged over the three groups, are similar to the Trial 1- 
Trial 2 scores. The ranges of the Trial 1-Trial 2 and Trial 5-^ial 4
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différence scores are equivalent and comparable to those for the sus­
tained vowels; it can he seen, however, that the ranges for Group I are 
larger than those for Group II and that those for Group II are larger 
than those for Group III. The Session I-Session II mean difference 
scores for the sentence are similar to those for the vowels, hut, for 
the sentence, that for Group I is somewhat higher than those for the 
other two groups, which are equivalent. The ranges for the three sub­
ject groups are similar, although that for Group I is slightly higher 
that that for either of the other two subject groups.
Syllables. The means and ranges of the Trial 1-Trial 2 differ­
ence scores for the GVC syllables produced by the three subject groups 
are presented in Table 6, inspection of which reveals that, on the 
average, the mean difference scores for Group I are larger than those 
for Groups II and III, which are equivalent. Por Group I, the means of 
the mean difference scores for the consonant context groups are very 
similar, except for that of the [zj-context syllables which is approxi­
mately 1 dB lower than the others. While the means of the mean differ­
ence scores for the [t]-, [d]-, and Q sj-context syllables for Group I 
are equivalent, the wide variation of the means and ranges of the dif­
ference scores for syllables in the [ d3-context is remarkable ; the syl­
lable ["d aed] resulted in a mean difference score of only .8 dB, with a 
range from 0 to 2 dB, while the syllable [dud] resulted in a mean dif­
ference score of 8.8 dB and a range from 3 to 28 dB. The ranges of 
Trial 1-Trial 2 difference scores for the C7C syllables are also greater 
for Group I than for the other two subject groups. Por Group I, the 
ranges for the [ cQ- and [ s]-context syllables are notably higher than 
those for the [t]^ . and z]-context syllables. Por Group I, also, the
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TABLE 6
MEANS M D EMGES 0? DIFFERENCES IN DECIBELS BETWEEN TRTAia 1 AND 2 
FOR TBS SIXTEEN CVC SYLLABLES PRODUCED BY THREE SUBJECT ŒOUPS
Trial 1-Trial 2
Group I Group II Group III
Syllable Means Ranges Means Ranges Means Ranges z
[tit] 5.2 0—8 5.0 0-6 1.8 0-4 2.7
[tæt[ 4.6 2-7 1.8 0-4 1.0 0-5 2.5
[ta^ 6.0 1-16 1.6 0-8 5.2 1—6 5.6
[tut] 2.2 0-5 2.8 0-12 1.4 0-5 2.1
% 4.0 2.5 1.9
[did] 5.6 0-10 2.0 1-5 1.6 0-5 2.4
Jd^d] .8 0-2 1.4 0-5 5.0 1-12 2.4
[dad] 2.8 2-4 4.2 0-16 1.4 0-4 2.8
[du(^ 8.8 3-28 5.8 4-10 2.6 0-5 5.7
4.0 5.4 2.7
[sis] 4.8 0-10 2.0 0-4 1.6 0-4 2.8
{s ses] 4.0 1-10 5.4 1-9 2.0 0-4 5.1
[sas] 4.2 2-11 2.8 1-7 2.4 0-7 5.1
l]su^ 4.6 1-15 1.4 1-2 1.0 0-5 2.5
4.4 2.4 1.8
[ziz] 4.8 0-11 .8 0-2 2.2 0-5 2.6
jzse^ 5.4 2-7 2.0 0-5 2.4 1-5 2.6
]]zazj 1.6 0-5 2.2 0-4 4.6 0-9 2.8
L ^ H 5.4 1-6 1.6 1-2 2.6 1-8 2.5
z 5.5 1.7 5.0
X 5.9 2.5 2.4
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ranges of the difference scores for the syllables are consistently larger 
than those for either the sustained vowels or the sentence in the speech 
sample «
The means of the Trial 1-Trial 2 mean difference scores for the 
four consonant context groups for Group II are lower and, when considered 
hy consonant context group, more variable than those for Group I. The 
mean for the [d]-context syllables is approximately 1 dB higher than the 
means for the [t_]- or [s]-oontext syllables and approximately 2 dB higher 
than that for the [zj-context syllables; this appears attributable, in 
large part, to the mean difference scores of 4*2, 5.8, and .8 dB for the 
syllables [dad], [dud], and [ziz], respectively. For Gfecoup II, the 
ranges of difference scores are greater for the [t]- and [dj-context syl­
lables than for the [s]- and [z]-context syllables. As noted for Group I, 
the ranges of difference scores for the syllables for Group II are con­
sistently larger than those for the sustained vowels or the sentence.
While the mean difference scores over the sixteen syllables for 
Group III are, on the average, equivalent to those for Group II, the means 
of the mean difference scores for the [t]-, [d]-, and [s]-eontext syl­
lables are smaller for Group III than for Group II. The mean for the 
[z]-context syllables for Group III is larger than that for Group II,'in 
part because of the mean difference score of 4*6 dB for the syllable 
[zeesQ. As was evident for Group II, the mean of the mean difference 
scores for the [d]-oontext syllables for Group III is larger than those 
for the [It]- and [s]-context syllables ; this appears attributable pri­
marily to the mean difference score of 5*0 dB for the syllable [deed].
The ranges of Trial 1-Trial 2 difference scores for the syllables for 
Group III are smaller, as a group, than for Groups I and II. The ranges
48
of difference scores for the syllables for Group III are larger than 
those for the sustained vowels or the sentence in the speech sample, but 
this trend is not so pronounced as it is for Groups I and II.
The Trial 1-Trial 2 mean difference scores, when considered 
across subject groups, are highly similar, 2.5-3 <3B, for all sixteen syl­
lables, although the means for the [d^oontext syllables, as a group, are 
higher than those for the other consonant context groups. The means of 
5.6 dB for [tatQ and 5*7 dB for [dud] seem primarily attributable to the 
Group I mean differences of 6,0 dB for [tot^ ) and 8.8 dB for [duoQ and to 
the Group II mean difference of 5*8 dB for [dud], all of which reflect 
the extreme difference score of a single subject in each of the subject 
groups. By contrast, the mean difference score of ,8 dB, with a range 
from 0 to 2 dB, produced by Group I for [dæd] and Group II for [zizj, 
was the lowest for any syllable for any subject group. The ranges of 
difference scores, when considered across subject groups, are very simi­
lar among the consonant context groups, although those of the [d]-context 
syllables are slightly elevated.
The Trial 3-Trial 4 mean difference scores for the CVC syllables, 
shown in Table 7» are, when averaged over all syllables, highly similar 
to those evident in the Trial 1-Trial 2 analysis. The scores for Group I 
are, on the average, again larger than those for Groups II and III, which 
are again equivalent. For Group I, the Trial 3-Trial 4 means of the mean 
difference scores for the individual consonant context groups are similar, 
althou^ the means for the [ z]— and [dZ^context syllables are somewhat 
larger than those for the[s]- and [t]-context syllables. Table 7 also 
indicates that the ranges of the Trial 3-Trial 4 difference scores for 
the syllables ere, on the average, again greater for Group I than for the
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TABLE 7
MEANS AND BANC^ OF DIFFEBENCES IN DECIBELS BETWEEN TRIALS 3 AND 4 
FOR THE SIXTEEN CVC SYLLABLES IKODUCED BY THREE SUBJECT (SOUPS
Trial 3-Trial 4
Group I Group II Group III
Syllable Means Ranges Means Ranges Means Ranges X
Ctitl 2.2 0-4 1.2 0-2 2.0 0-3 1.8
jt æ-0 2.6 0-7 1.4 0-3 2.2 0-4 2.1
[^ tat] 2.0 0-5 1.0 0-2 3.2 1-7 2.1
[[tutj 2,2 1-4 2.2 1-4 1.8 0-3 2.1
X 2.3 1.5 2.3
ndiâ] 4.2 1-10 2.4 0-5 2.6 0-7 3.1
Idae^ 3.8 1-7 3.6 2-5 4.2 2-10 3.9
CcLadJ 4.4 0-10 2.8 1-5 4.8 1-12 4.0
2.8 2-5 2.4 1-6 2.8 0-5 2.7
X 3.8 2.8 3.8
Lsis] 3.2 0-9 4.0 0-9 2.4 0-5 3.2
2.6 1-6 3.4 1-7 3.0 0-12 3.0
[^ sosj 3.8 1-9 3.2 0-7 1.6 1-3 2.9
2.0 0-5 1.2 0-3 1#0 0-3 1.4
X 2.9 3.0 2.0
3.6 1-9 2,8 1-9 1.2 0-2 2.5
jzeez^ 4.2 0-11 2.8 1-5 3.6 2-8 5.5
• (Jzoz^ l 4.4 2-9 2.2 1-4 2.4 0-7 3.0
Qzn£] 4.0 0-9 2.2 0-5 2.8 2-5 3.0
X 4.1 2.5 2.5
X 3.3 2.5 2.7
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other two subject groups, although the extreme ranges evident in the 
Trial 1-Trial 2 data are not apparent. Por Group I, the ranges of the 
[ z3-context syllables are somewhat higher than those for the other three 
consonant context groups. The ranges of difference scores for Group I 
are again larger for the syllables than for the sustained vowels or the 
sentence, although the ranges of difference scores for |[t]-context syl­
lables are similar to those for the other two types of speech sample.
Por Group II, the Trial 3-Trial 4 mean difference scores, when 
averaged over all syllables, are identical to those for this subject group 
in the Trial 1-Trial 2 analysis. The Trial 3-Trial 4 means of the mean 
difference scores for the individual consonant contexts are similar, al­
though the mean of the [t]-context syllables is lower by 1 dB or more than 
the other Group II means. This mean is the lowest of this kind for any of 
the consonant context groups by any subject group in either the Trial 1- 
Trial 2 or Trial 3-Trial 4 analyses. The ranges of difference scores for 
Group II are, on the average, smaller than those for Group I. Por Group 
II, the ranges of the [s]-context syllables are somewhat higher than those 
for the other three consonant context groups. The ranges for the 
[sQ-, and [z]-context syllables are comparable to those for this subject 
group for the sustained vowels and the sentence, while the ranges for the 
[iQ-context syllables are lower for the syllables than for the vowels (it 
will be recalled that Group II manifested greater variation in ranges of 
difference scores on the vowels than did the other two subject groups).
The Trial 3-Txial 4 mean difference scores for the syllables for 
Group III are, on the average, equivalent to those for Group II and to the 
Trial 1-Trial 2 mftA.n difference scores for Group III. The means of the 
mean difference scores for Group III for the individual consonant context
51
groups are similar, although the mean for the ^ dJ-context pliables is 
more than 1 dB higher than that for any of the other syllable groups; this 
seems attributable primarily to mean difference scores of 4*2 and 4*8 dOB 
for CdasdH and CdadJ, respectively. The ranges of the Trial 3-Trial 4 
difference scores for Group III are similar across the syllables, although 
higher for the [d]-context syllables, and, on the average, are comparable 
to those for Group II; extreme ranges of 1 to 12 and 0 to 12 dB are evi­
dent for [dad] and [sees], respectively. The ranges for the syllables for 
the syllables for Group III are similar to those for that subject group
for the sustained vowels and the sentence.
The Trial 3-Trial 4 mean difference scores, when considered across 
subject groups, are similar, although the means for the [t]-context syl­
lables, as a group, are markedly smaller than those for the other three 
consonant context groups. The means for [tcdQ and [du^, which were not­
ably larger in the analysis of the Trial 1-Trial 2 data, are not unlike 
those of the Trial 3-Trial 4 mean difference for the other syllables. The 
ranges of difference scores for the individual syllables across subject 
groups are similar, although those for the [t]-context syllables are ap­
preciably smaller than those for the other consonant context groups.
The means and ranges of the Session I-Session II difference scores 
for the C7C syllables are presented in Table 8, which indicates, as might 
be expected, that the intersession means and ranges are considerably 
higher than the intertrial means and ranges. The Session I-Session II
mean difference scores for Group I, as for the intertrial scores, are, on
the average, larger than those for Groups II and III, which are equiva­
lent. Among the means of the mean difference scores for the individual 
consonant context groups, those of Group I are in every instance larger
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TABLE 8
MEANS AND RANGES OF DIFFERENCES IN DECIBELS BETWEEN SîSSIGNS I AND II
FOR THE SIXTEEN CYC SYLLABLES PRODUCED BY THREE SUBJECT (SOUPS
Session I-Session II
Group I Group II Group III
pliable Means Ranges Means Ranges Means Ranges X
Cti-0 5.4 1-11 4.4 2-7 3.6 0-7 4.5
jt as-0 6.0 3-10 4.4 2-7 3.6 2-6 4.7
6.4 1-15 3.2 1-7 5.6 4—8 5.1
[^ tu-0 5.2 1-9 5.2 2-9 3.2 1-6 4.5
X 5.8 4.3 4.0
fdid] 6.4 3-13 4.6 1-10 4.4 1—8 5.1
(d 6.4 1-14 6.8 3-12 8.4 2-15 7.2
[Jdod] 8.0 5-11 7.4 1-19 4.2 1-8 6.5
[dudj 9.2 3-22 4.8 2-7 4.2 2-6 6.1
X 7.5 5.9 5.3
Qsis] 9.6 4-19 5.4 1-11 3.4 0-5 6.5
jjae^ 7.0 2-12 6.4 2-12 3.8 2-10 5.7
l^ sos] 9.2 3-17 4.8 3-7 3.4 2-6 5.8
12 su^ 8.0 1-14 2.8 1-4 2.6 1-4 4.5
X 8.5 4.9 3.3
fziz] 6.4 2-10 3.4 1-7 4.6 3-6 4.8
[z 8.6 2-16 4.4 2-7 6.4 2-11 6.5
6.8 2-10 3.4 1-6 5.0 2-9 5.1
5.8 2-11 5.8 1-7 5.6 2-10 5.1
X 6.9 3.8 5.4
X 7.2 4.7 4.5
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than those fbr Group II, and those of Group II, except for the [z]-context 
syllables, are larger than those for Group III. For Group I, the mean of 
the mean difference scores for the [s]-context syllables is the largest, 
followed in order by those for the [dj-, and QbJ-context syllables.
The individual QsJ-context syllable difference scores exceed the scores 
for all other syllables except [dqcQ, piudj, and CzsezJ, which are approx­
imately of the same magnitude. The ranges of the Session I-Session II 
difference scores for the syllables vary widely and can be seen to be 
markedly greater for Group I than for the other two subject groups. For 
Group I, the ranges for the [s]- and [d]-context syllables are notably 
higher than those for the and [t]-context syllables. The range of
20 dB for [dud] is extraordinary, but ranges of 16, 15, 15» 14» and 15 are 
evident for [sis], [zaez], [sas], and [tatj, respectively.
For Group II, the means of the Session I-Session II difference 
scores are, on the average, lower, and less variable than those for Group 
I. The mean of the mean difference scores for the [d]-context syllables 
is 1 dB or more higher than those for the other consonant context groups, 
which appears attributable primarily to the mean difference scores of 6,8 
and 7»4 dB for [deed] and [dad], respectively. The ranges of difference 
scores for Group II are smaller, on the average, than those for Group I, 
but somewhat larger than those for Group III. The ranges of the differ­
ence scores for the [d]-context syllables are greater than for the other 
consonant context groups for Chroup II. Except for the [cQ-context syl­
lables, the ranges of the Session I-Session II difference scores for the 
syllables approximate the ranges of such scores for the sustained vowels 
and the sentence produced by Group II.
For Group III, the Session I-Session II mean difference scores
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for the CzJ- and [[cQ-contezt syllable groups are essentially equal and 
1-2 dB higher than those for the CtQ- and ^ sQ-conteit groups; the mean 
difference scores for the [z^-contert syllables are all elevated to a 
similar extent, and the mean difference score of 8,4 <3B for [deeoQ appears 
to be contributing primarily to the elevated mean for the [cQ-context syl­
lables. The ranges of difference scores for Group III are smaller than 
those for Group II. For Group III, the ranges of the [d]-context and 
[z]—context syllables are higher than those for the QtQ- and Qs_]-context 
groups.
The Session I-Session II mean difference scores, when considered 
across subject groups, are highly similar for all syllables, although 
those for the Qd^-context syllables, as a group, are somewhat higher and 
those for the Qt^-context syllables, as a group, are somewhat lower than 
those for the [eQ- and [zj-context syllable groups. The ranges of dif­
ference scores for the individual syllables vary rather widely, but, when 
considered by consonant context groups, are similar, except for a slight 
elevation of the ranges of the [d]-context syllables.
Discussion
In the present investigation, neither trial nor session means 
differed sufficiently to reach the experimental significance level for - ■
any of the three types of speech sample. With a single exception, and 
this a third-order interaction, no interactions involving these vari­
ables achieved statistical significance. These findings indicate that 
the mean nasal-"oral" sound pressure measurements of the individual sub­
ject groups and speech sauries did not vary significantly from session to 
session or from trial to trial within sessions. The descriptive analysis
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of the mean differences "between trials, approximately 2-3 dB, and. "between 
sessions, approximately 4-5 cLB, illustrates this relative constancy of 
both subject groups and. speech sançle types from production to produc­
tion.
While the individual difference scores contributing to these means 
were also generally small, exaggerated mean difference scores for a given 
speech item production by a given subject group were generally found to 
be the result of the inconsistent performance of a single subject. Dif­
ferences between trials for certain individual subjects, for example, were 
as great as 11 dB for the vowels, 7 cB for the sentence, and 28 dB for the 
syllables; individual differences between sessions were as great as 14 dB 
for the vowels, 9 dB for the sentence, and 22 dB for the syllables. Simi­
lar intrasubject variability has been discussed in reports of investiga­
tions of various other aspects of both normal and abnormal speech produc­
tion, e.g,, by Mini fie et al (39) for language measures, by Vinitz (63) 
for articulation scores, and by Shelton, Bankson, and Brooks (47) for 
nasal air pressure measurements.
The relative consistency of group measurements but occasional in­
consistency of individual subject measurements indicated by the findings 
of this study bear critically on the utilization of the probe—tube micro­
phone assembly in the evaluation of nasality. The mean of the nasal- 
"oral" sound pressure level differences obtained for a group of subjects 
apparently reflects a reliable measure of the performances of these sub­
jects, as a group. If, on the other hand, the nasal-"oral" sound pressure 
measure is to be utilized for the experimental or clinical evaluation of 
a single subject, the risk of extreme performances on single measurements 
is markedly increased. Furthermore, insofar as nasal-"oral" differences
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are correlated with perceptual Judgments of nasality, the variability of 
ratings of nasality of repeated speech item productions oy a single sub­
ject may be attributable as much to subject variability as to .other vari­
ables in the judgment situation. It can be speculated that correlations 
between nasal-" oral" sound pressure differences and. perceived nasality 
might be increased by establishing the reliability of subjects* perfor­
mance in this respect prior to the judgment of severity of nasality.
Failure of the interactions involving the subject groups and the 
sessions and/or trials to achieve statistical significance for any of the 
speech sample types suggests that the subject groups were equivalently 
reliable. • The descriptive analysis, however, reveals relatively con­
sistent , although slight, differences in the performances of the three 
subject groups. Group I, the cleft palate subjects with low oral mano­
meter ratios, displayed greater magnitudes of mean differences and ranges 
across speech samples. Group II, the cleft palate subjects with rela­
tively high oral manometer ratios, and Group III, the normal speakers, 
manifested lower but generally equivalent ranges and mean differences be­
tween both trials and sessions over all speech samples. While the dif­
ference scores for any given speech sample item were similar among the 
subjects of Gkroup II, the mean difference scores of this subject group, 
as a unit, were more inconsistent across the items of the speech sample 
than those of Group I or III. For most speech sample items, the differ­
ences and ranges for Group II approximated those for Group III; for some 
speech sample items, however, the mean differences for Group II equalled, 
or, in the case of the sustained vowels, exceeded those for Group I. The 
consistency of the intergroup differences, as well as the occasional ex­
treme scores of individual subjects in the repeated productions of given
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speech sample items, indicates strongly that the variability among the 
subject group scores is attributable to fluctuations of subject perfor­
mance rather than to inconsistencies in recording and/or measurement pro­
cedures. Such subject group variability may well have implications for 
subject selection in future research investigations of cleft palate 
speech utilizing the probe-tube microphone assembly.
Both the statistical and descriptive analyses suggest that the 
measurements of the vowels, sentence, and syllables, over subject groups, 
are equivalent from trial to trial and from session to session. Closer 
evaluation of the descriptive data, however, reveals a tendency for the 
syllables to be marked by larger mean differences and greater ranges, 
particularly for Group I, than for the other speech samples both between 
trials and between sessions. The means_and ranges for the sustained 
vowels and the sentence are quite similar, although those measures for 
the sentence are frequently lower than those for the vowels. These trends 
in the difference score data suggest that, insofar as nasal-”oral" sound 
pressure level differences are related to perceived nasality, more con­
sistent nasality judgments might be obtained for connected speech than 
single words. Such differences between speech sample types, while small, 
may influence speech item selection in future investigations of cleft 
palate speech utilizing the probe-tube microphone assembly.
In summary, the results of this investigation indicate that the 
probe-tube assembly provides a reliable means to assess nasal-”oral” sound 
pressure differences. Briefly, these results include: (l) the subject
groups produced nasal-" oral" sound pressure differences which were not 
statistically different on two consecutive productions (Trials 1 and 2 and 
Trials 5 and 4) of the same speech sample; specific differences were found
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to te influenced by the subject group and the speech sample; (2) the 
nasal-”oral" sound pressure level differences for speech samples produced 
by the subject groups upon two separate occasions (Session I and Session 
II ) were not significantly variable ; the magnitude of the difference 
scores between sessions may be expected to be larger than the difference 
scores between trials and to vary slightly with subject group and speech 
sample; (5) the degree of variability observed across trials and/or ses­
sions, when considered for all types of speech sample, was slightly 
larger for the cleft palate subjects with low oral manometer ratios than 
for the other two subject groups, although not of sufficient magnitude to 
reach statistical significance; and (4) while the differences between the 
three types of speech sample utilized in this study, across subjects, 
were small, the means and ranges of difference scores were generally 
larger for the CVC syllables than for the sustained vowels or the sen­
tence .
CHAPTER Y
SUMMARY AUD CONCLUSIONS
Numerous attempts have been made to isolate measurable correlates 
of nasality and to develop objective and quantitative procedures by which 
the assessment of this resonance distortion might be improved. The probe- 
tube microphone assembly affords one such method, but examination of the 
investigations making use of this instrumentation reveals no findings 
relative to the reliability of measurements so derived. It was the pur­
pose of this study, therefore, to determine the variance of nasal and 
"oral” sound pressure level measurements of repeated speech productions* 
Fifteen adult males, ten with operated cleft palate or cleft lip 
and palate and five non-cleft normal speakers, served as subjects in this 
investigation. Each was of normal intelligence and none had a hearing 
loss of more than 15 dB in the better ear. Each was assigned to one of 
three experimental groups on the basis of the average of three oral man­
ometer breath pressure ratios: Group I consisted of five cleft palate
subjects with mean oral manometer ratios below «70; Group II consisted of 
five cleft palate subjects with mean oral manometer ratios between ,'JO 
and *90; and Gccoup III consisted of the five normal-speaking subjects, 
each of whom had a mean oral manometer ratio of 1.0. The speech sample 
included: (a) four isolated, sustained vowels, (b) sixteen consonant-
vowel-consonant syllables, and (c) a sentence containing no nasal
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consonants.
Each subject, after a practice period to familiarize himself with 
the experimental task, produced the entire speech sample two times. Trial 
1 and Trial 2, at a uniform, monitored intensity level. No changes were 
made in the positif of the instrumentation or of the subject during 
these two productions, which together constituted Session I. Subse­
quently, the subject was removed from the test room and the equipment 
changed from the position in which it had been used during the initial 
data collection. Following a period of not less than fifteen minutes, 
the subject was returned to the test room and an attempt was made to 
duplicate the subject and equipment positj-ons of Session I. Session II, 
then, consisted of Trials 5 and 4» two consecutive productions of the en­
tire speech sample.
A dual—channel tape recording system was used to record the 
speech productions of each subject. By modifying one microphone of this 
system with the addition of a miniature-bore probe-tube, it was possible 
to record simultaneously the "nasal" speech signal within the nasal meatus 
and the "oral" speech signal at a point eight inches from the speaker^s 
lips. The recorded nasal and "oral" speech samples were played into a 
power level recorder, which provided continuous graphic tracings of the 
variations in intensity of the speech signals that were measurable in 
decibels re ,0002 dyne/cm^ by reference to a tracing of white noise of 
known intensity recorded on each tape prior to the recording of each sub­
ject.
Measurements of each speech sample in the two tracings were made, 
and the arithmetic difference between the obtained nasal and "oral" sound 
pressures was confuted for each speech item produced by each subject.
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These nasal-"oral" scund pressure differences were analyzed by means of 
partially nested analyses of variance with factorial arrangement of treat­
ments. In addition, the magnitudes of the means and ranges of the inter­
trial and intersession difference scores across speech sample types for 
each subject group were also analyzed.
The results of the statistical analyses indicate that no trials 
or sessions main effect and only one of thirty-six interactions involving 
these variables attained the ,05 experimental significance level. Evalu­
ation of the means and ranges of intertrial and intersession difference 
scores revealed slight though relatively consistent differences among 
the three subject groups and among the three types of speech sample. In 
general. Group I, the cleft palate subjects with the lower oral manometer 
ratios, was the most variable of the three groups, particularly for the 
experimental sentence and CVC syllables ; Group III produced the lowest 
difference scores and ranges across all speech samples; and Group II, 
while generally similar in performance to Group III, occasionally mani­
fested scores that equalled or even exceeded those for Group I, Among the 
types of ^eech sample, the CVC syllables were found to be characterized 
by higher mean differences and larger ranges across all groups than were 
the sustained vowels or the sentence, which were generally equivalent.
The results of this investigation are, of course, limited to the 
conditions under which the data were gathered. Possible sources of error 
include: (a) the failure to incorporate listener judgments of the degree
of the severity of nasality in the speech of the cleft palate subjects to 
be utilized in conjunction with oral breath pressure ratios in subject 
selection and placement in groups; and, (b) articulatory errors in the 
speech of the cleft palate subjects which may have influenced the level
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recorder tracings.
In vi,ew of these possible errors and within the limitations im­
posed by the relatively small number of subjects within each group, it 
appears warranted to conclude that repeated productions of identical 
speech samples by cleft palate and normal speakers result in reliable 
nasal-”oral” sound pressure differences when averaged across groups and 
across speech sample types.
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TABLE 9
MEANS OF TBEEE ORAL MANOMETER RATIOS ERODUGED BY THE FIFTEEN SUBJECTS
Subject Group I
Subject 1 
Subject 2 
Subject 3 
Subject 4 
Subject 5
.63
.16
.26
•56
.54 Group mean .45
Subject Group II
Subject 1 
Subject 2 
Subject 3 
Subject 4 
Subject 5
.83
.90
.83
.81
.71 Group mean , 82
Subject Group III
Subject 1 
Subject 2 
Subject 3 
Subject 4 
Subject 5
1.00
1.00
1.00
1.00
1.00 Group mean 1.00
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TÂBLE 10
HASAL-”GBAL* SOCPÜS SBESSDBB IBVBL DIFEEBEIiCIS OF TEE FOUR, SESTAIMBD 
VOWELS PRODÏÏCED BY THE SDBJECTS OF (SIOUF I FOR FODR TRIALS
Trial 1 Trial 2 Trial 3 Trial 4
Subject 1
Vowel [i] 31 33 35 39
r%] 28 28 28 30
Eal 27 27 26 28
[n] 32 33 32 35
Subject 2
Vowel £ 0  41 40 39 40
[eej 39 33 33 35
C»] 32 35 34 35
QuJ 40 45 43 43
Subject 3
Vowel Z Q  39 37 37 35
[ % ]  34 34 29 50
M  33 33 30 32
[%] 35 . 35 33 34
Subject 4
Vowel till 33 29 36 37
r » H  32 33 30 34
I s O i 26 30 27 30
M  36 41 57 37
Subject 5
Vowel £i] 38 37 33 30
M  29 30 27 23
Col 29 27 28 24
t<] 37 33 35 33
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TABLE 11
MSAL-"QRAL" SOTMD ERBS8DEE LEVEL Dlb’EERENCES OF THE FODR SUSTAHIED 
VOWELS ERODUCED BY THE FIVE SDBJECTS OF GRODP II FOR FODR TRIALS
Trial 1 Trial 2 Trial 5 Trial 4
Subject 1
Vowel [i] 34 36 35 37
[a0 27 28 29 30
27 28 29 30
£u] 32 33 32 35
Subject 2
Vowel [ g  30 37 55 33
jse^] . 26 31 25 26
[cT| 26 26 20 22
[ig 30 38 31 35
Subject 3
Vowel QiJ 39 40 40 39
Be] 27 26 28 24
CaH 26 26 26 23
C vQ  35 38 36 35
Subject 4
Vowel [_±2 22 21 33 24
I>J 28 26 33 26
Qa] 24 25 28 25
QuJ 20 20 34 23
Subject 5
Vowel r O  39 41 39 40
1>J 32 • 33 33 53
CoQ 30 28 27 30
[uj 41 40 32 31
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îâBLE 12
NASAL-” ORAL” SOÜTTD PEESSÜEE LEVEL DIEEEBENCES OF THE POHH SUSTAINED
V0WEI5 ERODUCED BY THE FIVE SUBJECTS OF (ffiOUP III FOR FOUR TRIALS
Trial 1 Trial 2 Trial 5 Trial 4
Sub.iect 1 
Vowel X
@e
H
H
Subject 2 
Vowel [ij]
M
H
H
Subject 3 
Vowel CiJ
w
H
51
51
50
28
29
29
51
24
25
52 
25 
25
55
51
29
50
25 
50 
50
26
25
52
25
25
51
51 
29 
29
50
52
51 
27
27 
29
28 
25
29
25 
50
26
50
55
54
27
25
52
20
25
Subject 4 
Vowel X
ee
H
H
Subject 5 
Vowel X
ie“
a'
u
54
52
50
29
27
52
52
26
57
55
52
51
26
28
25
24
52
55
51
29
25
26 
24 
27
54
55 
50 
55
27
54
25
27
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TABLE 13
MSAL-"OHAL" SOUBI) ERESSDBB LEVEL DIEEEEIENCES OF THE SENTENCE
HiODUCED BY THE FIVE SUBJECTS IN ŒOUP I FOR FOUR TRIALS
Sobject No. Trial 1 Trial 2 Trial 3 Trial 4
1 26 27 50 51
2 36 56 54 59
5 58 59 57 58
4 17 22 25 24
5 58 55 56 29
TABLE 14
NASAL-" CEAL" SOUND PRESSURE LEVEL DIFFERENCES OF THE SENTENCE 
IRODUCED BY THE FIVE SUBJECTS IN ŒOUP II FOR FOUR TRTAT.S
Subject No. Trial 1 Trial 2 Trial 3 Trial 4
1 51 27 50 29
2 50 52 27 51
5 55 57 55 55
4 25 24 26 25
5 30 52
TABLE 15
52 52
NASAT^"ORAT." fSOTTND PRERSTTRTÎ! TEVET. DIFFERENCES OF THE SENTENCE 
PRODUCED BY THE FIVE SUBJECTS IN GROUP III FOR FOUR TRIALS
Subject No. Trial 1 Trial 2 Trial 3 Trial 4
1 28 25 22 22
2 21 22 24 24
5 24 24 21 22
4 30 52 50 50
5 27 24 24 25
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TABLE 16 ,
BASAL-"QBAL" SODKD IEESSDEE level DIPEEBEKrCES OP THE SIXTEEfT CVC
SYLLABLES ERGDTJCED BY THE FIVE SUBJECTS OF ŒOUP I
FOR FOUR TRIALS
S* T* ^ae^ jdi^ jsi^ E®®Ü E°l^ E“-Ëf
1 31 24 23 30 29 26 25 28 32 26 26 32 31 26 25 31
2 32 28 27 30 31 26 29 33 32 29 28^ 33 33 29 30 33
5 38 28 30 34 33 26 25 33 37 28 29 32 39 28 31 35
4 35 26 27 30 34 33 33 35 36 31 27 33 35 32 34 34
1 38 33 28 38 38 32 36 35 40 43 43 47 40 42 40 42
2 36 31 34 40 38 32 34 38 41 44 41 44 40 44 39 41
3 37 34 32 36 36 32 31 35 37 38 44 40 38 40 38 40
4 37 34 33 38 35 31 29 38 41 40 47 45 39 36 41 43
1 38 35 32 36 36 35 30 32 41 41 41 37 40 39 39 37
2 38 31 55 36 34 36 32 36 36 39 39 40 37 37 38 35
3 38 34 33 35 34 36 33 33 40 39 42 41 38 37 35 38
4 37 36 33 36 39 38 35 38 40 40 38 38 39 39 37 38
1 29 30 22 32 19 25 25 19 24 25 20 26 21 22 20 25
2 37 37 38 37 29 27 23 47 32 35 31 39 32 25 21 31
3 36 36 35 29 22 32 16 25 31 35 37 39 28 27 29 22
4 40 38 30 30 32 27 26 27 40 29 28 40 31 38 24 31
1 31 26 27 31 31 37 33 34 33 33 44 47 30 33 37 32
2 36 30 30 35 35 36 37 38 43 37 40 44 38 40 37 38
3 32 27 25 29 33 23 26 30 24 26 28 33 37 29 36 34
4 29 20 24 26 29 27 26 32 26 25 27 33 28 29 27 27
S* = Subjects
T* = Trials
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TABLE 17
NASAL-” ORAL»'SOÜKD HfflSSLEB LEVEL DIFFERENCES OF THE SIXTEEN CVC
SYLLABLES PRODUCED BY THE FIVE SUBJECTS OF GROUP II
FOR FOUR TRIALS
S* T* ^  ^ pLsj ^  c^isj ^ s) ^
1 1 29 25 26 30 30 26 28 28 33 25 34 32 31 29 28 36
2 34 29 27 30 29 27 27 32 33 28 41 33 32 29 52 34
3 34 29 27 33 33 29 31 33 34 37 36 36 33 28 34 33
4 36 29 26 35 33 34 36 32 34 30 36 35 34 31 32 33
2 1 23 19 20 21 34 29 24 27 38 24 25 33 33 28 29 38
2 29 20 17 33 39 34 40 34 34 33 29 32 32 27 26 36
5 24 19 20 26 29 22 21 27 27 25 22 30 26 24 24 31
4 25 18 19 30 33 27 26 33 36 28 27 33 35 27 28 33
5 1 39 29 25 36 41 34 31 40 41 32 28 37 42 32 30 38
2 36 32 24 35 39 34 31 57 39 31 27 36 40 32 30 37
5 37 26 25 36 37 31 30 38 38 30 25 37 40 28 30 37
4 37 28 27 34 40 33 31 39 39 31 32 36 39 33 31 38
4 1 19 24 22 26 24 26 30 31 22 26 28 23 27 28 27 26
2 19 25 25 26 23 26 27 21 19 23 29 25 27 23 29 25
3 25 31 29 18 25 32 32 27 22 30 31 22 26 30 30 29
4 24 28 28 19 20 34 33 25 27 26 28 .21 24 28 27 26
5 1 33 27 28 33 34 31 31 38 36 32 30 34 37 35 33 40
2 32 27 28 34 33 30 32 33 35 31 31 36 37 31 35 38
3 32 30 .30 33 33 28 30 34 37 34 34 36 36 35 34 36
4 34 29 30 35 33 32 32 36 32 32 33 36 37 36 33 41
S* = Subjects
T* = Trials
TABLE 18
NASAL-" CEAL" SOUND PRESSURE LEVEL DIFFERENCES OF TEE SIXTEEN CVC 
SYLLABLES PRODUCED BY THE FIVE SDBJECTS OF ŒOUP III
FOR FOUR TRIALS
S* T* i^t| § ætj ^Qt| u^dj §1^ § ses] ^s|
1 1 26 24 17 23 32 25 22 23 27 26 22 23 31 30 26 27
2 26 24 20 23 30 29 23 28 28 27 29 26 30 31 30 29
3 22 25 22 24 26 19 26 28 29 25 24 22 25 32 27 26
4 24 22 21 23 24 23 20 24 24 25 23 23 25 24 28 21
2 1 25 28 27 18 24 25 29 22 19 28 27 19 21 28 29 31
2 22 28 24 20 22 32 27 22 21 30 29 19 24 27 29 23
3 29 30 28 24 27 36 25 23 22 30 30 23 25 29 32 21
4 26 30 25 21 27 33 29 24 24 31 31 23 26 31 32 24
3 1 23 27 24 22 25 29 28 26 24 27 29 23 25 25 21 24
2 23 26 27 21 28 28 28 27 24 27 29 23 25 30 29 25
3 23 21 19 22 25 27 27 27 24 29 27 23 24 22 28 23
4 23 24 26 22 28 25 28 25 24 27 28 22 22 19 21 21
4 1 27 30 33 25 34 33 30 28 25 30 29 24 30 32 29 31
2 31 31 27 28 33 32 34 32 29 33 31 25 32 31 31 30
3 30 29 29 23 34 31 33 34 24 31 28 26 32 30 31 30
4 27 30 30 26 33 33 34 29 25 31 31 26 33 33 29 32
5 1 21 30 23 23 28 34 32 23 24 22 21 23 25 23 20 24
2 23 27 22 24 28 22 :32 20 25 26 22 22 30 27 29 25
3 24 24 29 21 33 27 36 26 26 32 22 21 26 29 20 28
4 22 28 25 23 26 37 24 24 22 20 20 24 24 31 22 26
S* = Sobjects
T* = Trials
